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normal may be detected and which may serve
as an aid in the study of skin diseases.
MATERIAL AND METHODS
Seven healthy adult volunteers free from skin
or systemic diseases were selected for the study.
Punch biopsy specimens were obtained from each
subject from at least four of six different body
areas. The sites studied were the forearm, the
arm, the anterior chest wall, the back, and the
extensor surfaces of the thigh and the leg. In all,
34 specimens were examined in this group (Ta-
ble I). Counts were also made in 33 skin biopsy
specimens which had been taken from 33 patients
suffering from various conditions but were found
histologically free from pathological changes (Ta-
ble II). In addition, the mast cell population
was determined in 17 dermatological conditions oc-
curring in 28 patients (Table III). In four patients
belonging to the last group normal skin material
was also examined (Table III).
In the seven control volunteers, the 34 skin
specimens were obtained under local infiltration
anesthesia with 1% xylocaine solution without
epinephrine. All these specimens were fixed in ab-
solute ethyl alcohol. Almost all of the other 62 tis-
sues included in the study were fixed in 10%
formalin solution.
The tissues were imbedded in paraffin and sec-
tioned at 25 micra. The sections were stained ac-
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cording to the method described by Montagna
ci at(S), with some modification. Toluidine blue
was used in a strength of 0.025%, and the tissues
were stained in it for 15 hours after buffering to
pH 3, 4 and 5. The sections were then rinsed in
distilled water, placed 2—3 minutes each in 2
changes of tertiary butyl alcohol, and 2 minutes
in absolute ethyl alcohol, and finally cleared in
xylene and mounted.
Counting was undertaken by means of an ocular
net micrometer disc, and the tissue area covered
by it was ascertained by means of a Neubauer
counting chamber. The thickness of each section
was also determined by the microscopic stage
micrometer. The thickness varied from 23 to 26
micra, with a mean value of 24.7 micra. Therefore,
in the final calculations all sections were con-
sidered to be 25 micra thick. In order to obtain
values representing actual cell distribution, care
was taken, during the counting, to study contigu-
ous fields. Furthermore, each field was counted
independently by each of the authors and the re-
sults compared. Any cell exhibiting metachromasia
was identified as a mast cell.
RESULTS
The fine and densely packed reddish purple
metachromatic mast cell granules were most prom-
inent when the tissue was fixed in absolute alcohol
and stained in toluidine blue solution at pH 3.
Sections prepared and stained by this method
render the task of counting an easy one. This is
demonstrated by the fact that the counts made by
both authors were generally identical.
Mast cells were found most numerous in the
vicinity of blood vessels and around hair follicles.
On rare occasions mast cells were seen in the
epidermis (Fig. 1). Morphologically, the mast cell
takes various shapes and different sizes, which
may occur in the same preparation. Round, oval,
oblong, spindle-shaped and dendritic forms were
observed in the cases studied (Fig. 2). Mast cells
adjoining the epidermis, and those seen in the
epidermis among the keratinocytes, were con-
spicuously smaller in size and poorer in granules
than the mast cells of the deeper corium (Figs.
1, 2). Also, the nuclei of the superficially lying
mast cells stained darker than those of the more
deeply situated cells.
In the control group consisting of seven adults
27—50 years of age, the mast cell population per
cubic millimeter varied between 5,120 and 9,472,
with a mean value of 7,225. No statistically sig-
nificant differences could be found with relation
to the site of origin of the biopsy preparation, or
on the basis of sex or racial differences (Table I).
The 33 biopsy preparations not exhibiting ab-
normalities had been taken from patients suf-
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The morphology and physiology of the mast
cell have been the subject of extensive studies
by numerous investigators (1, 2, 3, 4). How-
ever, insufficient data exist in the literature
concerning the mast cell population of the skin.
Since the reports dealing with this aspect of
cutaneous histology have been conducted, with
one exception (22), on cadavers or have been
based on personal impressions, the authors felt
it would be appropriate to accumulate figures
concerning the number of mast cells in relation
to age, race, and sex, and on their distribution
according to regions of the body, in an attempt
to find a standard by which variations from the
250 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
area:
Mean for all
areas:
TABLE I
Mast cell counts in 34 biopsy specimens from six
different skin sites in seven healthy volunteers
Mast Cells per Cubic Millimeter ul Cueium
fering from some disorder. The operations were
undertaken in most instances under xylocaine-epi-
nephrine infiltration anesthesia, and the speci-
mens were fixed in 10% formalin solution. The
great discrepancy in the mast cell counts in such
cases, from a lowest of 1,280 to 10,112 per cubic
millimeter (Table II), might have been due to one
or more of the following factors: general disease
or hormonal influences, dcgranulating effect of epi-
nephrine in the local anesthetic, drug or medica-
tion effects, inadequate fixation of the mast cell
granules. Although these same influences may have
affected the counts obtained in 29 biopsy speci-
mens from 17 dermatological conditions (Table
III), some relevant information may become ap-
parent if one considers the normal mast cell popu-
lation to be within the 5,120-9,472 range or its
whereabouts. It may be noted that, apart from
urticaria pigmentosa, high counts were obtained
in pretibial myxcdcma, Pagct's disease of the nip-
ple, atopic dermatitis, mycosis fungoides, neuro-
fibromatosis, erythrodcrma (chronic), hypcrtrophic
lichen simplex chronicus and lichen planus. On the
other hand, the mast cell count seemed to be
diminished in cases of acute cczcmatous derma-
titis, scborrhcic dermatitis and sarcoidosis. Al-
though the count in the case of squamous cell car-
cinoma falls within the normal range, one has to
bear in mind that mast cells exist in the stroma
of the tumor only and, therefore, since contiguous
microscopic fields were always counted, the figure
of 7,680 is really a high one. The counts obtained
in discoid lupus erythematosus, psoriasis, chronic
contact dermatitis, and keratosis scnilis, seem to
be within the normal range.
DIScUSSION
The population of mast cells in tissues is in-
fluenced by many factors. Mastocytogcnesis is
stimulated by the somatotropic hormone of the
anterior pituitary and estrogen, whereas it is
inhibited by epincphrine, thyroxine, cortisone
and the adrenocorticotropic hormone of the
anterior pituitary (4, 6, 7, 8, 9). Of the drugs
which decrease the mast cells or have a de-
granulating effect upon them may be men-
tioned morphine (3), polymixin B, reserpine
(10), acetylsalicylic acid (11), and compound
48/80 (12).
Brack (13) and Hellstrdm and Holmgrem
(14) found that the skin of children contained
a much higher proportion of tissue mast cells
than the skin of adults. However, the mast cell
rate seems to drop more rapidly with age in
women than it does in men (14). Williams (15)
and Sundburg (16), on the other hand, found
that tissue mast cells became more numerous
with advancing age. In Sundburg's study the
mast cell population in the tunica adventitia
of the abdominal aorta, and the subelavian and
the external iliac veins was determined in
autopsy material. The average rates in the
abdominal aorta in three twenty-year age
groups, 40—59 years, 60—79 years, and over 80
years, were 1292, 1542 and 1564 cells per cubic
millimeter, respectively. The same pattern of
increase with age was observed in the sub—
clavian and external iliac veins.
During acute inflammatory conditions the
tissue mast cells decrease in number and may
temporarily disappear (2, 3). For some un-
known reason the cells undergo rapid disinte-
gration, and the freed granules are phagocytized
by neighboring fibroblasts (15, 17). Later, as
the acute process subsides, there occurs a pro-
gressive increase in the number of mast cells in
the affected area. Finally, in sclerotic scar tissue
the local mast cell population is characteris-
tically nil. In contrast to acute inflammation,
the chronic variety is always accompanied by
an increase of mast cells. Such increase has
been observed in many skin diseases. Examples
which may be cited are urticaria pigmentosa,
neurodermatitis, licben planus, urtiearia, chronic
eczematous eruptions, fresh lesions of lupus cry-
thematosus and seleroderma, pemphigus vul-
garis, vitiligo, exfoliative dermatitis, scarlet fever,
Buschke's scleredema adultorum, polyarteritis
nodosa, poikiloderma atrophieans vaseulare,
myxedema (especially the circumscribed type),
granuloma pyogenicum, and in all tumors,
whether benign or malignant (2, 7, 18, 19, 20).
Age Sex
Arm Chest nack Thigh Leg
,6l 40 F W6,5286,7846,272 — 7,2968,064
%63 50 F W7,4249,344 — 6,5286,5286,272
62 48 M W6,912 — 9,088 — 7,2727,296
%64 27 M W7,4245,1207,1689,4726,4006,144
%66 39 M C6,656 — 7,5527,9366,4008,320
ff67 37 M C6,912 — 7,2947,1667,936 —
#68 38 M C7,294 — 6,1447,4228,4486,656
Mean for each 7,0217,0827,2367,7047,1827,125
7,225
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On reviewing the literature we could find few
studies dealing with the quantitative distribu-
tion of mast cells in the human skin which
were supported by numerical data.
Mills et al (21) made mast-cell counts on
human skin obtained postmortem and fixed at
intervals up to 24 hours after removal from the
body. The number of mast cells per square
centimeter of human dermis in 7 microns-thick
sections in three subjects was as follows: 173
to 333; 3,658 to 5,860; and 3,307 to 5,632. They
infer that mast cell counts done on refrigerated
human tissues and fixed in formalin within 24
hours after death can be accepted in each ease
as representing the number of these cells pres-
ent during life. Binazzi and Rampichini (22)
undertook mast cell counts in 12 different skift
areas of 14 subjects of both sexes, aged 10—60.
In all, 29 biopsy specimens were studied, each
skin area being represented by 2 or 3 speci-
mens. They found that the mast cell counts
varied from area to area, the highest average
rate occurring in the scrotum (177 per square
millimeter) and the lowest in the leg (46 per
square millimeter).
Hellström and Holmgren (14), on the other
hand, determined the number of mast cells per
cubic millimeter in the skin from the abdomen,
calf and back of the foot, as well as in speci-
mens removed from different portions of the
heart, in autopsy material from 40 human
svbjeets ranging in age from birth to 83 years.
TABLE II
Mast cell counts in 33 skin biopsy specimens of histologically normal skin
Age Group
Mast Cells per Cubic Millimeter of Corium
Case No.
Neck Hand Forearm Arm Chest Back Abdomen Thigh Leg
2,176
0—20
21—40
41—60
41—60
61 up
1,792
6,144
3,712
5B
37
6
10 B
28
29
44
45
49
52
55
24
30
31
32
33
35
40
46
48
50
51
54
1
2
3
38
39
41
42
43
53
7,424
5,760
8,576
2,048
6,912
3,968
1,280
4,096
2,560
4,864
2,816
1,536
2,048
10,112
7,552
5,504
6,144
8,704
2,560
5,760
5,504
2,816
8,192
6,016
3,328
10,112
2,816
2,688
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Their sections were fixed in 10% formalin solu-
tion and stained with dilute solution of toluidine
blue. They found that the mast cell population
decreases with advancing age from about 7000
cells per cubic millimeter in infancy to about
1000 per cubic millimeter at the age of 70—80.
The maximum figures, about 8500 cells per
cubic millimeter, were found in the youngest
cases while the lowest values, about 200, were
observed in cases over 65 years. They also
worked out the coefficient of regression of the
mast cell rate with advancing age. According
to their data, the rates for the age group used
in the present study, 27—50 years, would fall in
the range 1700—3000, or its whereabouts, for the
skin of the abdomen, the calf and the dorsum
of the foot. In subjects below the age of 40
years, the mast cell rate was higher for women
seemed to drop more rapidly with age in women
than it did in men.
Simpson (23) concludes, after reviewing re-
cent contributions to the knowledge of the
mast cell and its fluctuations with age, that
there is no common pattern of mast cell change
with age, and that the mast cell population of
any tissue is controlled largely by local factors,
either physiological or pathological.
It may be noted that in the above-men-
tioned studies, apart from that of Binazzi and
Rampichini (22), the mast cell counts were
performed in autopsy material and included
subjects suffering from systemic disease (14,
21). Furthermore, while some of these authors
(14) expressed the rate per cubic millimeter,
Mast cell counts in 17
TABLE III
dermatological conditions in 28 patients
Case No. Diagnosis .Biopsy site Age Race
Mast Cells
Sex per Cubic
mm
Mast Cells per
Cubic mm in Normal
Skin
26
65
27
57
25
34
56
35
5A
15
16
7
13
14
1OA
23
11
59
19
70
21
22
20
58
8
12
€0
69
IJrticaria pigmentosa
Urticaria pigmentosa
Urticaria pigmentosa
Urticaria pigmentosa
Pretibial myxedema
Paget's disease
Discoid Lupus eryth.
Psoriasis
Psoriasis
Psoriasis
Psoriasis
Atopic dermatitis
Contact dermatitis
Subacute eczematous der-
matitis
Seborrheic dermatitis
Seborrheic dermatitis
Mycosis fungoides
Mycosis fungoides
Sarcoidosis
Sarcoidosis
Sarcoidosis
Keratosis senilis
Squamous cell carcinoma
Neurofibromatosis
Erythroderma
Lichen simplex chronicus
Lichen planus (hyper-
trophic)
Basal cell epithelioma
Abdomen
Arm
Back
Thigh
Leg
Nipple
Scalp
Arm
Arm
Thigh
Leg
Forearm
Abdomen
Leg
Chest
Back
Back
Back
Forearm
Neck
Forearm
Face
Cheek
Breast
Forearm
Scalp
Forearm
Neck
Arm: 8,576
Arm: 7,424
Arm: 9,344
Chest: 6,144
i;1
15
4 mo.
47
48
47
68
8
12
44
27
22
61
36
34
65
71
34
30
26
46
83
20
61
78
58
69
w
w
w
w
w
w
C
C
w
w
C
C
C
C
C
C
w
C
C
C
w
w
C
w
w
w
w
M
M
M
F
M
F
F
F
M
M
F
F
F
M
F
F
F
M
F
M
M
F
M
F
M
F
F
F
262,400
384,000
278,400
289,280
17,536
18,048
5,760
11,136
7,040
2,304
6,016
15,400
6,528
2,688
3,840
1,152
28,418
12,544
768
1,792
768
5,888
7,680
18,176
19,968
10,496
13,824
14,720
than it was for men, but
significant statistically.
the difference was not
However, the rate
ethers expressed it per square centimeter
(21) or square millimeter (22). The figures ob-
tained in the present study are much higher
than those reported by Hcllström and Holm-
gren (14). This variance is probably due to the
different conditions under which the skin ma-
terial was obtained, the method of tissue fixa-
tion and the staining technic employed in this
study. We could not observe prominent varia-
tion with age because it was not feasible to
obtain enough biopsy material from the
younger age group in a reasonable period of
time.
Although the data presented in this paper
are far from being comprehensive as far as the
mast cell population of the skin is concerned,
an attempt has been made to establish a yard-
stick by which variations from the norm may
be detected and thus may be of service in the
diagnosis of certain pathological conditions. It
is the intention of the authors to continue along
the same lines and compile further data.
SUMMARY
Mast cells were identified by their meta-
chromatic staining reactions with toluidiric blue
in 95 biopsy specimens from normal and dis-
eased Caucasian and Negro skin. The best stain-
ing results were obtained by fixing the tissue in
absolute alcohol and treating it with dilute
toluidine blue at pH 3.
In 34 preparations of skin taken from six
different body areas in seven normal adults
aged 27—50, a mean mast cell count of 7,225 per
cubic millimeter was determined, but indi-
vidual counts ranged from 5,120 and 9,472. No
statistically significant variations could be
found in our limited sample in the mast cell
population in relation to age, race, and sex, or
on their distribution according to regions of the
body.
Mast cell counts were also undertaken in 33
normal skin specimens and 17 skin diseases (in
28 patients). The possible significance and
value of the observations are discussed.
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Fcc. 1. A mast cell in the basal layer of the epidermis. The nucleus is small and is sur-
rounded by a narrow zone of granular cytoplasm. Toluidine blue; X 990.
Fcc. 2. Mast cells of various shapes in the corium. Toluidine blue; >< 990.
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